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Abstract
Introduction: Many authors in their studies, report that repetitive activities are effective causes of the emergence of occupational 
diseases. Repetitive movements can often bring risk of injury, as the number of movements increases and / or the cycle time 
decreases Objectives: To evaluate the reliability of the REE-ARMS tool compared with the OCRA tool for ergonomic risk 
analysis. Materials and Methods: The IVRE-ARMS tool was created based on the following existing tools: Ochre Index, Rula, 
Reba, Moore and Garg and Tor-Tom, in addition to ISO 31000, ISO 11226 and ISO 11228-3. The research was given by a cross-
sectional study, which analyzed 134 jobs, refrigerated poultry activities (55 posts) and pigs (60 posts) and banking activities (19 
posts), all were applied the OCRA and IVRE- tools ARMS. Results: The Kendall tau test showed that there is a high statistical 
correlation between the OCRA and IVRE-ARMS tools, showing the reliability of the new tool. Conclusion: The IVRE-ARMS 
tool has been validated scientifically compared with the OCRA. This new tool provides the evaluator have multiple analysis of
data, and the biomechanical also analyzed by OCRA, analyzes the organizational part, cognitive and biomechanics, stratifies the 
upper limb in shoulder, elbow and wrist. Thus this new tool enriches the ergonomic analysis and generating quantitative 
instrumentation to explore the most needed areas for improvement.
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1. Introduction
Many authors in their studies, report that repetitive activities are effective causes of the emergence of 
occupational diseases. Repetitive motions can often pose a risk of injury to measure the number of movements 
increases and / or decreases the cycle time [1]. Gil (1999) reports that the execution of the same or similar 
movements quickly and repetitively, are among them physical, biomechanical and organizational factors that 
involve or develop the work-related diseases (MSDs) and Repetitive Strain Injuries (RSI) [2]. Have Keir [3] showed 
that factors such as high repetition, high strength and cognitive impacts play a key role in the development of 
musculoskeletal disorders related to higher end work. In studies of Bosch [4] was demonstrated by 
electromyography that repetitive activities of short cycles for periods of one hour leads to muscle fatigue and being 
one of the static load factors. The static load is a continuous force which occurs in the vascular system leading to 
decreased local vascularization.
The RULA tool (rapid upper limb assessment) considers an activity with more than 4 movements per minute as 
repetitive [5]. Already the tool OCRA (Occupational Repetitive Actions) considers over 30 technical actions per 
minute as a repetitive activity. Silverstein [6] says that work activity with duty cycle less than 30 seconds, associated 
with more than 3000 moves per turn, or when the same muscles are used by more than 50% of the daily time, both 
are considered to be repetitive activity. The IVRE-ARMS tool, Ergonomic Risk Veronesi Index for upper limbs 
Repetitive activities was created because of the need to have a tool to analyze the work activity more broadly and 
from the perspective of physical, cognitive and organizational.
The objective was to create an ergonomic analysis tool, and compare the results with some already validated.
2. Materials and methods
This research it is an analytical, cross and quantitative study. The study population were jobs of three distinct 
activities: 55 poultry slaughtering stations, 60 pig fridge stations and 19 banking activity stations, totaling 134 
analyzed positions. In all stations were used as risk analysis method to OCRA and the IVRE-ARMS tool.
2.1. Data analysis
Data analysis was performed from the Statistical Package for Social Sciences (version 19.0, SPSS Inc, Chicago). 
When the raw data of this present study were placed in the statistical program for an initial analysis through the 
normal proof, this showed that they had a non-normal distribution; therefore, the statistical tests used consisted of 
non-parametric tests.
To test these hypotheses were made the Wilcoxon test to measure whether there signficativa statistical difference 
EHWZHHQWKHWRROVDQGWKH.HQGDOO7DXWHVWĲWRPHDVXUHWKHFRQFRUGDQFHEHWZHHQWKHWZRWRROV
This research was given in two stages, first the construction of IVRE-arms tool, after validation thereof.
3. IVRE-ARMS tool construction
The IVRE-ARMS tool (Ergonomic Risk Veronesi Index for upper limbs Repetitive activities) was based on the 
following tools: Ocra Index, Rula, Reba, Moore and Garg, Tor-Tom and Hal, in addition to ISO 31000, ISO 11226
and ISO 11228-3.
The tool was created from a logical mathematical principle within a percentage proportion of all variables within 
all analyzed items. The items analyzed are: registration (receiving no score, but serves to mathematics guidance of 
others); organizational variables that consists of 6 and 1 setting; cognitive contained in cognitive aspects of work 
within and outside work; the biomechanical aspect, the segments of the upper limbs were analyzed separately in 
order to generate the diagnosis of risk for each. The shoulder has 3 variables and 1 setting; the elbow 2 variables and 
setting 1 and the handle 3 variables and 1 setting.
The analysis is done by each arm separately, this way was made the following reflection: for a condition without 
risk (ideal), all variables receive a zero score, where the final score has to be zero, the other conditions receive 
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percentages with range of 20% each in accordance with the sum of all the variables, and the result is shown in table 
below illustrates this distribution.
Table 1 Percentage distribution of final grades of REE-ARMS.
FinalScore Results Suggestions For Improvements
0% No Risk Normal activity continue like this
1% - 20% Minimal Risk Acceptable risks, need for annual reassessment
21% - 40% Low Risk Controlled risks, but it is necessary to reassess the impacting variables, 
revaluation every nine months
41% - 60% Average Risk Controlled risks but it is necessary to reassess the impacting variables and fix 
them fast, revaluation every 6 months
61% - 80% Moderate Risk Dangerous risks with a good chance of emerging disease and or accidents, it 
is necessary to reassess the impacting variables and correct them as quickly as 
possible, revaluation every 1 month
81% - 100% Maximum Risk Eminent risks, diseases or accidents and can appear at any time, need to 
reassess the impacting variables and immediately correct them, reassessment 
after the changes
4. Registration
This item has fields for registering the company, the job, the evaluator, date and a table to calculate the Real 
Working Time (TRT) in numeric value in minutes and percentage. The Working Real Time is calculated as follows: 
the journey time less breaks that are ergonomic breaks, preparation time, setup time, spontaneous breaks, events 
breaks, bathroom breaks, lunch or dinner breaks, break coffee or snack break meeting break for gymnastics, break 
training, pause for a replacement or rotation.
5. Organizational analysis
This item is initially classified the type of activity, whether it is cyclic or acyclic, this classification follows the 
Silverstein guidelines [6].
The activities classified as cyclic, the analysis variable is divided, as directed above, six conditions, the table 
below shows the distribution of the marks with the values assigned to each of them. The scores are given as follows: 
1 cycle of 5 minutes does not add anything cycle between 1 to 5 minutes 1 sum of two cycle per minute (30 second 
cycle) adds 3 cycles of between 20 to 30 seconds summing 5, cycle from 10 to 20 seconds adds 8 and below 10
seconds total 10 points.
The calculation of the risk to acyclic activities were based on Silverstein reference [6], where the characterization 
of repeatability was given as the maximum risk value, and the other ratings were given by proportional ranges of
values as shown in the table below. The scores are given as follows: The muscle used are the same for up to 10% of 
the time of day does not add anything, if the muscles used are the same between 10 and 20% of the total journey 
time 1, where from 20 to 30% of the total journey time 3, 30 to 40% of the total time 5, in between 40 to 50% sum 8
and above 50% of the total journey time 10 points. The other variable analyzed in organizational item is the 
calculation for preventive measures-breaks. Pauses ratings were taken tool OCRA, where only the assigned values 
were according to the mathematical logic of IVRE-ARMS. The table below shows the distribution of risk ratings for 
preventive measures with pauses with the values assigned to each of them.
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Table 2. Calculation of risk for preventive measures – breaks.
Classification Assigned Value
Pause 8-10 minutes per hour worked during the entire journey or the real-time job is repetitive 
activities up to 60 minutes per day
0
In addition to the meal break, there are two breaks in the morning and two in the afternoon at 
least 8-10 minutes in a shift of 7-8 hours or four interruptions, beyond the break for meal in a 7-8
hour shift or four interruptions 8-10 minutes in a 6-hour shift.
1
There are two breaks of at least 8-10 minutes in 6-hour shift (without pause for cooking) or three 
breaks in addition to the meal break, in a turn of 7-8 hours
3
In addition to the meal break, there are two breaks of at least 8-10 minutes in a 7-8 hour shift (or 
three interruptions without meal) or a break of at least 8-10 minutes in a 6-hour shift.
5
No break for meal, only a break of at least 10 minutes in a shift of approximately 7 hours or just 
pause for a meal 8 hour shift (meal not computed during working hours).
8
There are no pauses, except in a few minutes (less than 5) in a 7-8 hour shift. 10
The third variable is related to the calculation for preventive measures of muscle groups on casters, which is 
efficient when the muscles used are different between tasks and not efficient are the same. The guidelines were 
made from the Regulatory Standard of the Ministry of Labor in Brazil, which comes to packing activities. The 
scores are given as follows: Efficient Rotation of each hour worked does not add anything efficient caster every 2 
adds 1 hour worked three per shift amount effective rollers 3, a sum per shift efficient rollers 5, castor not efficient 
adds 8 and without rotation sum 10 points.
The fourth variable of organizational item is the risk calculation of the load. This variable was chosen the Borg 
scale, as OCRA tool does, but the ratings are similar but optimized and organized in an order of strength and 
exposure time. This variable to a numeric scale was increased in order to cover all the strength variables the Borg 
scale, with the same distribution of orientations of OCRA tool. The table below shows the sort order with the set 
values. The scores are given as follows: Value in the range of 2 to Borg often below 1/3 cycle time does not add 
anything, often greater than 1/3 of the total cycle time of 1 scale value between 3 and 4 frequency below 1/3 of the 
total cycle time 3, often greater than 1/3 of the total cycle time 4, the scale value between 5 to 7 below 1/3 the 
frequency of the cycle time and frequency summing 5 More than 1/3 of the total cycle time 6, the amount of 8 to 10 
frequency range below 1/3 of the cycle time and adds eight more frequently than 1/3 of the total cycle time 10 
points.
The fifth is the last variable of organizational item is the risk of calculation of energy expenditure. The guidance 
for this variable was from the Regulatory Standard of the Ministry of Labor in Brazil, which deals with energy 
expenditure, also used by Tom Tor tool Hudson Couto, [7]. In addition to the classification of the metabolic 
expenditure NR15, was also made a weighting according to the actual exposure time spent on this work. Because the 
characterization of exposure time, this variable has one more item. Scores are given as follows: metabolic 
expenditure faintest, with a real-time work under 50% of the journey does not add anything, Lightweight, with a 
real-time work over 50% of the journey sum 1, Lightweight, with a time real working over 50% of the journey, adds 
2, Moderate, with a real-time work over 50% of the journey, sum 3, Heavy, with a real-time work over 50% of the 
journey adds 5, Very heavy, with a real-time work over 50% of the journey, adds 8 and Ultra heavyweight, with a 
real-time work over 50% of the journey, sum 10 points.
According to ISO 11228-3, is considered a technical action move above 2kg objects with the hand or hold more 
than 1 kg with hand pincer. The table below shows the classification of weight manipulated according to the 
characteristics of the organizational task. The calculation is done as follows: Weight manipulated to 1 kg with a 
device for reducing the load does not add anything to 1 kg weight manipulated without decreasing the load device, 
adds 1 weight manipulated between 1 and 2 kg with a device for reducing charging, summing 2 weight manipulated 
between 1 and 2 Kg device without decreasing the charge amount 3 weight manipulated between 2 and 5 kg with a 
device for reducing the burden adds 5, weight manipulated between 2 and 5 kg no device decrease load weight sum 
of 8 and above 5 kg total 10 points.
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In addition to the item 6 organizational variables mentioned above have a supplementary adjustment risk 
calculation, according to ISO 11228-3 and other environmental factors which are analyzed. It has 10 items, which 
adds 1 point each in the final result. The items in this set are: Exposure to extreme temperature for a long time: 
below 10 degrees or above 40 degrees; Handle very cold objects without gloves; Presence of vibrations above 40 
Hz; Tissue compression located on anatomical structures of the upper limb with tools, objects or work area for more 
than 1 minute; Use gloves that interferes with the ability to move, leading to a power increase for the tasks; 
Manipulated objects with slippery surface that provides a power increase for the operation; Requirement of absolute 
accuracy, precision work, leading to awkward postures of the upper limbs associated with force; Sudden movements 
to rip or tear, or rapid movements required; Techniques required actions involving kickback generating sudden force
(hammering, banging pick on hard surface, etc.); Use the hand as a tool, generating direct trauma to the tissues.
The evaluator will first examine whether the activity is cyclic or acyclic, then identify the classification of the 
activity and record the assigned value of it, this will be added to the other four variables (pause, rotation, strength 
and metabolic expenditure) over the value set the additional risk. The total sum will get the final value of this item, 
and 70 points is equivalent to 100% and the value obtained is the organizational risk.
6. Cognitive analysis
In this section we have two classifications, the first is the calculation of cognitive risk within the work and the 
second out of work. Both of other mathematical approach was the same, where we analyzed items and each with a 
specific mathematical value, then the sum of all the percentage proportions will have 100%, and the remainder will 
be given at intervals as directed in Table 1.
The conditions within the work we have simple results, where the answer yes is worth 1 point and not zero. There 
are 12 items analyzed: Has working goal, won by production, The task requires careful not to make mistakes and 
harm or damage to the product, has a system of evaluation of production or performance, the task is bottleneck 
hindering production, The task is monitored or supervised, there need to have while performing the task, installation 
or implementation with moving parts, operate two or more machines or devices at the same time, has to control the 
quality while you work, there needs to overcome technological constant difficulties, works night shift.
In cognitive conditions within the work with mixed results when we add not negative, positive, looked fit, 
generates 1 or 2 points. 11 items are analyzed, following with the settings: The task requires attention not to crash 
occur himself or colleague adjustment: the attention is low (1) or High (2); The task requires concentration for 
execution, adjust the concentration is low (1) or High (2); The task requires precision for execution, set: the 
accuracy is low (1) or High (2); The task allows the worker to increase its production to run the other, setting: the 
increase in production is low (1) or High (2); The task has customer service, setting: Customer Service with 
presence queue or phone (2) or Customer Service by email (1); The task requires important decisions, set: Important 
decisions are always on the journey (2) or sometimes (1); The task requires time pressure adjustment: The pressure 
is constant in time journey (2) or sometimes (1); The task requires shift change, adjustment: The shift change is 
frequent (2) or sometimes (1); The task requires memorize passwords and / or codes to run it, set: Storing passwords 
and / or codes is much (2) or little (1); The task has monotony setting: the monotony is low (1) or High (2); Works 
in day shift (1), has changing shifts, setting: change is frequent (2) or sometimes (1).
In the analysis of the variable cognitive risk out of work follow the same scoring guidelines. There are 10 items 
in this vaiável: Has stress on the way to work, has financial problems in the family, has problems with the children, 
has problems with his spouse, has problems with the family in general, have problems in your house, you have 
problems with your neighborhood, you feel insecure in your city. We have only one item with varied response: It 
has generally problems, set: these problems are serious (2) or light (1).
7. Biomechanical shoulder analysis
The first two variables risk of flexion and abduction of the shoulder were taken into consideration the orientations 
of the tool and RULA biomechanical analysis of the shoulder [8]. The calculation is as follows: if the shoulder 
flexion range is from 0 to 20 degrees with the arm supported and does not add anything if you have no support for 
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the arm sum 1, if the range is between 20 to 45 degrees sum 3, between 45 and 60 degrees summing 5, 60 to 90 
degrees sum up amplitudes 8 and 90 degrees total 10 points. The same guidance is given for the abduction, where 
the evaluator has analyzed separately and add the angle of flexion and shoulder abduction.
The third variable is the risk of repetitive motion calculation, where the risk Silverstein was based on the 
guidelines. The calculation was based on the actual working time and therefore what is the frequency of movement 
per minute. Up to 500 movements per round does not score between 500 to 2000 movements per turn adds 1 
between 2000 and 3000 movements per turn summing 3 between 3000-10000 sum per shift movements 5 between 
10000 to 20000 movements per turn adds 8 and above 20000 movements per shift sum 10 points.
The shoulder adjustment is required when the activity forced extension movement above 20 degrees and will add 
1 point is present inside the rotation and / or external forced over the shoulder will add 1 point. Importantly, if you 
have internal and external rotation, will add only 1 point.
8. Biomechanical elbow analysis
The first risk calculation variable is the bending motion. For this variable was taken into consideration the 
guidelines of RULA tool and biomechanical analysis of the handle [8]. The calculation is as follows: the flexion of 
the elbow is between 60 to 100 degrees with the arm supported and does not add anything, if this sum angulation 
without support 1, where from 0 to 20 degrees summing 3 from bending 20 to 60 5 degrees sum between 100 and 
120 degrees sum of 8 and above 120 degrees total 10 points.
The second variable is the risk of repetitive motion calculation, where the calculations used is the same shoulder.
The elbow setting is when the activity require pronation movement forced will add 1 point and if forced 
supination also will add 1 more point. Importantly, if you have pronation and supination, will add 1 point each.
9. Biomechanical cuff analysis
The first variable is the flexion and extension movement. For this variable was taken into consideration the 
guidelines of REBA tool and biomechanical analysis of the handle [8]. The calculation is as follows: if the angle of 
flexion and extension or for up to 15 degrees without tissue compression does not add anything, if you have tissue 
compression sum 1, if the angle is between 15 to 40 degrees without tissue compression sum 3 if tissue compression 
sum 5, if it is above 40 degrees without tissue compression adds 8 and have tissue compression sum 10 points.
The second variable is the handle of risk calculation, this was used the guidelines of NIOSH and OCRA tools 
where the handle was classified with 3 factors: angle, surface and length of stay [10]. The angle and surface can be 
good or bad, good angle is neutral and the bad is the end, since the good surface is one that has safety and comfort, 
to be sure the surface must have a non-slip feature, this can not be wet or slippery, it increases the use of force, 
according to ISO 11228-3, to be comfortable the edge must be rounded. The surface does not exhibit these 
characteristics of safety and comfort is considered poor [1].
The calculation is as follows: handle with angle and good surface almost all the time does not score, handle with 
angle and good surface to half the journey time sum 1, handle with good angle or surface up to half the time of 
journey sum 3, handle with angle or good surface almost all the time, sum 5 handle with angle and bad surface at up 
to half the journey time, adds 8, caught with bad angle and surface almost all the time, adds 10 points.
The third variable is the risk calculation of repetitive movements, where the calculations used is the same 
shoulder and elbow.
The fist setting is when the activity require forced ulnar deviation movement will add 1 point and if you also have 
forced radial deviation will add 1 more point. Importantly, if the two deviations, will add 1 point each.
For biomechanical analysis the evaluator will examine all variables and settings by checking the value assigned 
to each classification chosen item and adding these values. This final value is converted to a percentage, where the 
maximum value is achieved 100% and the value obtained will be the biomechanical risk percentage for each 
segment.
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10. Analysis of the tool final IVRE -- ARMS
The final analysis is given in a fragmented and together, providing the evaluator have multiple profile data 
enriching its ergonomic assessment and taking quantitative instrumentation to explore the most needed areas for 
improvement.
The IVRE-ARMS generates the overall ergonomic risk, where we have the same result of the variable that 
showed the greatest risk. The tool will also give the risk percentage in the variables: organizational, cognitive in and 
out of work, biomechanical shoulder, elbow and wrist.
The final percentage obtained by IVRE-ARMS tool leads to a final index, which is a conclusion and an 
improvement in orientation, as shown in Table 1.
11. Results
In all cases the results were studied: for banking jobs had only one post without risk, 6 posts were low risk and 12 
had moderate risk. As for the refrigerating activities of both birds as pigs, all 115 cases obtained maximum risk, all 
the results were identical in both tools studied.
The Wilcoxon test showed that there is a large difference between the sum of the ranks indicating that there is 
statistically significant (p <0.0001) between the two groups.
Have the Kendall tau test showed that there is a highly significant p <0.0001 correlation between OCRA and 
IVRE tools.
The frequency found only the variables of the IVRE-ARMS tool, we found the following results: the 
organizational variable had the most cases (64) with moderate risk (47.6%), while the cognitive variable presented 
94 cases in high risk (70 15%), shoulder showed 70 cases (52.24%) in the maximum risk, the same number of case 
the elbow presented at moderate risk and the wrist and hand showed 90 cases (67.16%) at most risk.
12. Discussion
Jones' study [11] showed divergence of risk levels in the same jobs based on the application of different 
integrated assessment methods the risk of RSI / MSDs. That did not happen in this study when compared to OCRA 
tool and the new IVRE-ARMS instrument.
In all the cases studied, the final results of the two tools showed the same result, high risk for OCRA and 
maximum risk of IVRE. The OCRA method has the main purpose of assessing the risk of RSI / MSDs at the level of 
the upper and according to Serranheira studies [12] the tool is suitable for repetitive activities and strength, carefully 
analyzing the biomechanics of. Studies of Lavatelli [13] reports that the checklist OCRA is an ideal tool to evaluate 
the mechanical stress of the upper limbs. In all cases studied in this study by IVRE-ARMS tool, physical analysis is 
the shoulder, elbow or wrist and hands showed a higher percentage of risk value, hence the biomechanical variable 
was that presented the greatest risk, justifying the identical final values with OCRA tool. According to ISO 11228-3
evaluation of postures and movements of the segments should be made for a representative cycle of each repetitive 
task and biomechanical factor is of great impact on musculoskeletal disorders [1]. The work of Roman-Liu 
demonstrated that the force has a large representation in the final outcome of the OCRA, as strength in IVRE-
ARMS brings the easy reach of OCRA tool parameters, justify the end results are very similar [14]. The repetitive 
work in the workplace often requires a combination of physical and mental demands, but few studies have been 
conducted on the relationship between attention to work and repetitive work [15]. As shown by the IVRE-ARMS 
tool, 10 cases showed maximum risk and 64 cases with moderate risk in organizational variable, ie the 134 cases 74 
(55%) presented a risk considered in the organizational part. In their studies Keir [3] showed that factors such as 
high repetition, high strength and cognitive impacts play a key role in the development of musculoskeletal disorders 
related to higher end work. This research showed that 94 cases (70.15%) presented medium risk, being a 
representative factor and that according to the IVRE-ARMS tool, controllable risks but it is necessary to reassess the 
impacting variables and fix them fast, revaluation every 6 months. According to studies by Nag [16] cold and wet 
environment, inadequate working posture, posture standing for long periods, a large requirement of physical 
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activity, lack of job clarity, and high overhead mental are important risk factors for the development of 
musculoskeletal disorders. What proves that all refrigerators stations showed maximum risk, both the biomechanical 
context (physical) as the organization.
13. Conclusion
This research showed that the OCRA and IVRE-ARMS tools, presented with high statistical correlation which 
means that the new tool has studied statistically reliable compared to an instrument already validated as OCRA. 
Besides the statistical reliability IVRE-ARMS tool presents a systematic and fragmented analysis by segment, with 
results separated variables (organizational, cognitive and biomechanical and divided into shoulder, elbow and wrist), 
helping the professional who works with ergonomics have more safety and efficiency in its preventive work and to 
work in legal work skills.
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